The aim of the present study was to quantify macronutrient stock in the hybrid Eucalyptus urograndis, for different soil types in Telemaco Borba, Parana, Brazil. Sandy texture (Cambisols Inceptisols), and clayey texture (Ferralsols Oxisols) soils were selected for the study. Based on the diameter at breast height (DBH) survey of all the trees comprising each plot, 12 trees were selected per soil type for biomass sampling. The trees were sectioned at soil level and separated into: leaves, branches, stembark, stemwood, tree tops wood, tree tops bark and roots, and a representative sample of each component was collected and grounded in a Wiley-type mill for analytical determination of the macronutrients. The analyses of the experiment were performed considering a completely randomized design. The concentrations of the macronutrients in the Salvador et al.; JEAI, 35(3): 1-9, 2019; Article no.JEAI.48526 2 different biomass components were significantly different in both types of soil. With the exception of calcium, in the sandy soil and calcium and magnesium in the clayey soil, which were more present in the stembark component, the other components present the highest concentration values in the leaves component. The lowest concentration values of macronutrients, both for the sandy soil and for the clayey soil, were found in the stemwood and roots components. Total nutrient stock found in the biomass, in the sandy soil was 1.65 Mg ha -1 , distributed in the following order of magnitude: stemwood > root > stembark > leaves > branches > tree tops wood > tree tops bark. For the clayey soil the order was: stemwood > stembark > root > branches > leaves > tree tops wood > tree tops bark, presenting a total stock of 2.41 Mg ha -1
INTRODUCTION
The growing demand for products of forest origin has turned Brazilian plantations of fast-growing, high-yield exotic tree species into a prominent factor in the world forestry scenario, due to its economic, social and environmental benefits to the country. Plantations in tropical regions provide an increasing share of timber for global supply and competition with other land uses will require sustainable production of these stands to meet market demand [1] . Among these forest species Eucalyptus urograndis, a hybrid of Eucalyptus urophylla S.T. stands out in importance. In this study, Eucalyptus urophylla S. T. Blake and Eucalyptus grandis Hill ex Maiden presented good adaptation to several regions of the country, as well as high yield and better characteristics of wood for several industrial purposes [2] .
Nutrients' quantification in different components of biomass arefundamental importance for trees' nutrition, especially when requested to estimate the productivity of a certain species under edaphoclimatic condition within an evaluated site. Furthermore, it is used to enable the prediction of critical situations of the stands, chemical characteristics of the soil and analysis of the effects caused by forest harvest, with the evaluation of the nutrients' export from the site [3, 4] .
The concentration and amount of nutrients stored in the trees may vary according to the species, age, soil type, climatic conditions of the site and the management practices adopted in the stand besides within the same biomass component there may be variations due to internal translocations [5] . The productive capacity of a species depends on external factors of an edaphic, climatic and biological nature, whether or not it is manageable, among these factors, nutrition has the greatest management potential [6] .
Thus, evaluations of the nutritional requirement of the species through the quantification of the stock of nutrients in the different components of biomass and the soil properties at different sites are useful for adjusting fertilization programs in order to maintain the nutrient stock of the soil throughout successive rotations [1] . Silva et al. [7] also emphasized out that it is necessary to consider the relationship between the amount of nutrients in the biomass components and the soil's climatic conditions to suit the nutritional need of the species.
Forest plantations established in gleisols and podzols tend to be more affected in the nutrient stock of the soil, by the biomass harvest, than stands growing in acrosols and cambisols [8] . Sandy soils with low nutrient retention and high hydraulic conductivity are highly susceptible to nutrient leaching, hindering the fertilization program to be adopted [7] .
The amount of nutrient accumulated components of trees above ground (leaves, branches, stemwood, stembark and roots) throughout the growing cycle represent an estimate of the entire nutrient demand in forest stands [9] . Thus, the aim of the present work was to quantify the stock of macronutrients in Eucalyptus urograndis stands established in sandy and clayey soils.
MATERIALS AND METHODS

Characterization of the Area and Experimental Design
The present study was carried out in a plantation with the hybrid Eucalyptus urograndis, in the municipality of Telêmaco Borba, Paraná -Brazil. 
Measurements of Biomass and Nutrients
Based on the diameter at breast height (DBH) survey of all the trees comprising each plot (disregarding dead and missing trees), 12 trees were selected per soil type for above-ground biomass sampling (tree mean diameter minus standard deviation, tree mean diameter and tree mean diameter plus standard deviation of each plot).
The selected trees were sectioned at soil level and separated in the following above-ground components: leaves, branches, stembark, stemwood, tree tops wood and tree tops bark (shaft diameter below 8 cm). Root biomass was estimated by digging in the useful area (7.5 m²), to the depth of one meter, of the four medium DBH trees, in each soil type.
Representative samples (200 g) of each component of the tree biomass were collected. The samples of the stembark and the stemwood were obtained by the collection of discs in the following positions according to the commercial height: 0%, 25%, 50%, 75%, 100% (minimum diameter of 8 cm) and tree tops wood and tree tops bark.
All samples were sent to laboratory, dried at 70°C in a forced air oven, until reaching constant mass, and then weighed again to determine biomass through the humidity of the samples of each component. The determination of tree biomass was performed indirectly through the moisture content of the samples of each component. The moisture content in the disc was used at the corresponding height of the stem to estimate the biomass of the stemwood, stembark, tree tops wood and tree tops bark.
The total biomass per hectare was estimated based on the biomass of each tree and the number of trees per hectare. A detailed description of the methodology adopted for biomass determination can also be found in Salvador et al. [11] .
All samples were grounded in a Wiley-type mill for analytical determination of the macronutrients N, P, K, Ca, Mg and S according to the methodology described by Tedesco et al. [12] and Miyazawa et al. [13] . For the estimation of total nutrient stock per hectare, mean nutrient concentration was multiplied by the biomass of each component per hectare.
Statistical Analysis
Due to the similarity of the local site conditions, analyses of the experiment were with a completely randomized design. Statistical analyses were performed with the aid of the statistical program SAS [14] , at the level of 5% probability of error. Tukey's test was used to separate the contrasts of averages, considering a completely randomized design, where each tree analyzed corresponds to one repetition in each type of soil.
RESULTS AND DISCUSSION
The concentration of macronutrients in the different biomass components were significantly different (p=.05) in the two soil types ( Table 2 ). The highest concentration of nutrients was found in the leaves component, in the two soil types, with the exception of calcium, which presented higher values in the stembark component. The lowest concentrations of macronutrients were found in stemwood and roots component.
According to Viera et al. [3] leaves present higher concentration of nutrients due to the greater metabolic activity (photosynthesis and transpiration) of these tissues when compared to others.
Highest nutrient concentration in the leaves were also found by Leite et al. [9] , Boulliet et al. [15] [9] found higher concentrations of nitrogen and phosphorus in the leaves (leaves > branches > stembark > stemwood), potassium and magnesium in the stembark (leaves > stembark > branches > stemwood) and calcium in the bark (stembark > leaves > branches > stemwood).
Potassium plays a key role in regulating the osmotic potential of plant cells in addition to activating the enzymes of respiration and photosynthesis [19] and is highly mobile in phloem and readily redistributed to new growing organs [20] , thus presenting a tendency to concentrate in the leaves, a result obtained in the present study.
Phosphorus also presents high mobility within the plant and tends to concentrate on the newer organs [21] , in the case of this study, on the leaf component. Moreover, the high concentration of phosphorus in the leaves is related to the role of this element as an integral component of important plant compounds, which are used as energy sources [22] .
The high Ca content in the stembark component was also found in other studies by Guimarães et al. [23] and Carvalho et al. [18] , which can be justified as being a virtually immobile element in the plant phloem and a structural component of the middle lamella of the cell wall.
Component
differentiations, besides the physiological importance of each plant component, affect nutrient accumulation, and the lowest concentrations of nutrients in this study were found in the wood component. This result is related to the internal re-translocation of nutrients, since wood presents less intense physiological activity.
Among the factors that cause variations in nutrient contents in the leaves component, we can cite: day length; trees' age; the effect of . In addition, differences in nutrient concentration between the components and within the plant components are related to the biochemical cycle that involves the retranslocation of a certain element from one organ to another [19] .
The total amount of nutrients found in the sandy soil was 1.65 Mg ha -1 , in the following order: N > K > Ca > Mg > S > P. For the clayey soil there was an inversion in the values presenting the following order: K > Ca > N > Mg > S > P, summing up a total stock of 2.41 Mg ha -1 (Table  3 ). The largest stock of nutrients observed in the clayey soil is directly related to higher biomass production in this type of soil. Regarding the mean values of nutrient concentrations in the biomass components of 7 years-old Eucalyptus saligna, Witschoreck and Schumacher [6] , order Ca > N > K > Mg > P, similar to the sandy soil in this study. Verão et al.
[26], evaluating 7 years-old Eucalyptus urograndis, observed that the mean concentration of macronutrients was, in decreasing order, N > Ca > K > S > Mg > P. Despite the differences in the sequences, phosphorus was always the element with lower concentration in the aforementioned studies.
At the sandy soil, the amount of macronutrients within different biomass components presented the following order: stemwood > root > stembark > leaves > branches > tree tops wood > tree tops bark. For the clayey soil, there was an inversion in the amounts, presenting the following order: stemwood > stembark > root > branches > leaves > tree tops wood > tree tops bark (Fig. 1 ).
Schumacher and Caldeira [27] stated that 67.9% of the total amount of Ca in above-ground biomass is allocated in stembark and stemwood, with the rest being found in the canopy (leaves and branches). Similarly, considering aboveground biomass, 80% and 73% of the Ca in the present study was found in the stem (stemwood + stembark), at sandy and clayey soil, respectively.
The relative distribution of nutrintes found by Witschoreck and Schumacher [6] in Eucalyptus saligna stands, at 7 years-old, for the leaves component was 15% of N, 9% of P, 8% of K, 7% of Mg, 5% of Ca, of the total nutrient stock in the tree. The same authors observed that the stemwood accumulated 6% of the P, 53% of the K, 48% of the N, 34% of the Mg and 24% of the Ca. The branches accumulated 10% of the K, Ca and Mg, 7% of the N and 6% of P.
Analyzing the distribution of nutrients in biomass components of a 10 years-old Eucalyptus urophylla x E. globulus stand, Viera et al. [3] observed the following order stemwood > stembark > branches > leaves. Guimarães et al [23] , evaluating a 4-year-old E. dunnii stand, found the following order of nutrient distribution among the components: stembark > stem wood > roots > branches > leaves.
On the other hand, Witschoreck and Schumacher [6] , observed that amount of nutrients in biomass components of a 7 years-old Eucalyptus saligna follows the order: stemwood > root > leaves > stembark > branches; The amount of nutrients in the components of hybrid Eucalyptus urophylla x Eucalyptus grandis, at 4.5 years-old, observada por Carvalho et al. [18] was: stemwood > root > stembark > branches > leaves. Viera et al. [28] , reports that the highest concentrations of nutrients in trees are found in the tissues that form the crowns. However, the largest amount of biomass is stored in the stem (stemwood + stembark), which is the part normally harvested, as can be observed in the results found by this study. Changes in nutrient allocation in different plant components are related to the ability of the root system to absorb nutrients and the degree of efficiency that the trees have in the translocation and metabolization of these nutrients [29].
CONCLUSION
The highest amount of macronutrients was found in soil with clayey texture, which is directly related to higher biomass production in this soil.
The leaves present the highest concentration and the wood has the largest amount of macronutrients, regardless of soil type. 
